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WO 93/00898 

^ PCr/GB92/0I207 
TOs invention relates to phannacentical fimnulations. in particular to 

Phamaceua^: formulatons omtaining a |Wa*ua antibiotic and 
da«dan.cac.dorderivativessuchasits«dt,a«b«mn. davulanio add 
uistalahty, and one significant detenninant of staWBty ia the nH of th. 

rre " --^^ - ^ - - 

/^resent tl» pH of phannacentical fonnnlations containing davulanic 

JeX f^' *» *^ the pH by the 

™eofbaffersalts,butitisfonndthatn«njrconmionlyused 
^ceuticallyacceptablebnfiersaltesuchasphoMmte dtate 
^e^have a catalytic deieteHons to'the sta^;"^! 
davnlamc aad, and nu««over the increased ionic strength of Uie 
-pensions also beUeyed to be deleterious to davul^Tal sLbiH.,. 

This invention prortdes novel improved phannacentical fonnnlations 
"ntainn«davuhnnc.cidorde*ativesthereofinwhid.^ret^^ " 

A^-^theinventionpr^desapha^n^calfonnula^on 

one or more jJ-lactam antibiotics; 

davulanic add or a water-soluble salt thereof; 

a phannaceutically acceptable dicarboxylic add. and; 

asalt of the dicarboxylic add in whid. both addic hydrogen atonu. are 
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ri^laced by a cation. 

The formulation may be an aqueous suspension or solution formulation, 
eg for oral administration or may alternatively be a dry powder, granular 
5 or tablet formulation provided primarily for reconstitution into an 
aqueous suspension or solution formulation. 

The one or more P-lactam antibiotics may be peniciUins or cephalosporins, 
especially amoxycillin and ampicUUn, preferably amoxycillm in the form 
10 of its trihydrate. The davulanic add is preferably in the form of one of its 
salts with a pharmaceutically acceptable cation. espedaUy potassium 
davulanate. 



Typically the weight ratio of antibiotic: davulanic add or davulanate 
15 anion equivalent is in the range 12 : 1 to 1 : 1, suitably 8 : 1 to 1.5 : 1. In 
an aqueous suspension or solution formulation the concentration of 
antibiotic and davulanic add or davulanate equivalent will vary 
depending upon the size of the unit dose in whidi it is intended to be 
administered. Typically formulations for oral administration are 
20 administered in unit doses of around 5ml spoonfuls or as paediatric drops 
for small children. Typically tiie total combmed concentration of antibiotic 
and davulanic add or equivalent in such suspensions or solutions may be 
in the range 25 - 250 mg/ral, for example 30-125 mg/ml. When the 
formulation is in the form of dry powder, granules or tablets for 
25 reconstitution the quantity of antibiotic and davulanic add or equivalent 
may be derived accordingly. 

Typical pharmaceuticaUy acceptable dicarboxylic adds are those having a 
general formula H00C.(CH2)nC00H wherein n is 1-6 and in which two 
30 adjacent (CH2) groups may be replaced by CH=CH, for example succinic 
add, malonic add, maleic add and fumaric add. Of these succinic add is 
preferred. 

The dicarboxylic add salt, eg. a succinic add salt may be of a divalent 
35 cation such as caldum or other pharmaceutically acceptable cation, eg of a 
Group II metal, in which case a single such cation may replace both of the 
addic hydrogen atoms. Alternatively each addic hydrogen atom may be 
replaced by a monovalent cation such as sodium, potassium or other 
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pharmaceuticaUy acceptable monovalent cation. Disodium succinate is 
preferred on account of its low cost, used in combination with suodnic 
add. 



10 



TVpicaUy the weight ratio of succinic add : disodium succinate may be in 
the xange 1 : 60 to 1 : 0.05 representing a molar ratio of succimc add : 
sttcdnic add salt in the range 1 : 33 to 3 : 1. Suitable weight ratios of 
sucdnic add : disodium sucdnate are around 1 : 30 to 1 : 15, for example 1 
: 19 ± 1. Typical weight ranges for other salts may be calculated from 
these ranges on the basis of the corresponding weight of sucdnate anion. 
Typically in an aqueous suspension or solution formulation the total 
molarity of sucdnic add and succinate salt may be in the range O.OOIM to 
0.01M, suitably O.OOIM to 0.0052 M, for example 0.005 ± 0.0001 M. When 
the formulation is in the form of dry powder, granules or tablets for 
15 reconstitution the quantity of succinic add and succinate salt may be 
derived accordin^y. 

The fonnulation may also optionaUy contain ezdpients which may be 
essentially conventional in the art. For example aqueous suspension or 

20 solution formulations may typically contain suspending agents such as 
Xantiiam gum. for example 0.25-5 mg/ml. suitably 0.5 - 2.5 mgAnl, 
tiudcening agents sudi as cellulose derivatives, for example 1 - 100 mg^ 
if present, sweeteners such as aspartame or equivalent sugars, eg 0.5-5 
mg/ml, and flavouring agents such as fruit flavourings and syrup 

25 flavourings, eg 10-20 mg/ml etc. SiUcas sudi as "Aerosil" may be present 
as tiiickening agents and/or as a powder flow aid, and otiier siUcas such as 
"Syloid" may be present as an internal dessicant and bulking agent. 
Typically sihcas may be present at eg 1-100 mg/ml. Dry powder, granule 
or tablet formulations for reconstitiition may contain corresponding 

30 weights of these and/or other conventional exdpients. 

Aqueous suspension and solution fonnulations of tins invention may be 
provided in entirely conventional bottles etc, and dry powder or granule 
formulations for reconstitution may be provided in conventional jars. 
35 sachets etc which are advisedly airtight. 



The formulations of the invention appear to offer a number of advantages 
over known formulations which contain a p-lactam antibiotic in 
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combination with davulanic add or clavulanate equivalent. These 
indude improvement of stability in solution for example by 2-4% of the 
initial concentration on storage for 7 days at S^C- The stabiUty in solution 
is more robust in terms of pH diflferences in the water used to make up the 
6 suspension or solution and the quality of raw materials such as 

amoxycillin trihydrate. The presence of succinate ion appears to inhibit 
the colour change from white to pale cream that sometimes follows 
reconstitution, and there appears to be some enhancement of the flavour 
of reconstituted suspensions and solutions. 

10 

The invention also provides a process for the preparation of such a 
pharmaceutical formulation, comprising admixing the |3-lactam antibiotic, 
the davulanic add or salt thereof, the dicarboxylic add and the salt 
thereof, and optionally any exdpients, and optionally making the product 
15 up with water or an aqueous medium to form a suspension or solution 
formulation. 



The invention also provides a process for Uie use of a pharmaceutical 
formulation as described above in the manufacture of a medicament for 
20 the treatment of bacterial infections- 

The invention also provides a pharmaceutical formulation as described 
above for use in the treatment of bacterial infections. 

25 The invention also provides a method of treatment of bacterial infections 
in humans or gniTTifllg which comprises the administration of a 
therapeutically effective amount of a pharmaceutical formulation as 
described above. 

30 The invention will now be described by way of example only. In these 
examples the abbreviation (fa) as used in connection with amoxycillin 
trihydrate and potassium clavialanate indicates that the weight is 
expressed as the equivalent of free add, ie respectively amoxycillin and 
davulanic add. 



35 
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AmPXYCillin/Claviilanate SusnanainTi 

Ingredient mgper mom^ 

Amoxycillin trihydrate 2500.0 (fa) 

Potassium davulanate 656.25 (fa) 

Xanthangam(KeltrolT) 250.0 

Aspartame 250.0 

CoDoidal silica (Aerosil 200) 500.0 

SiUcon dioxide (Syloid ALI) 2500.0 

MethocelES 3O00.O 

Succinic add 2.95 

Disodium succinate 7g 97 

Raspberry dry flavour (Naarden) 450.O 

Orange dry flavour (P J.W.) 300.O 

Orange dry flavour (Dragoco) 225.0 

Golden syrup flavour (Pexmenich) 475.0 

A unit dose of 5ml of this suspension contains 156 mg of 
amoxydllin/davulanic add combination. 
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Example 2 

^y ^ l^TryriniTi/niavulan flte Suspensinn (Paediatric Drops) 

Ingredient rngP^rgpTnl 

Amoxycillin trihydrate 3000.0 (fa) 

Potassium clavxilanate 393.75 (fa) 

Xanthan gam (Keltrol T) 50.0 

Aspartame 75.0 

Colloidal siKca (Aerosil 200) 75.0 

Silicon dioxide (Syloid ALI) 750.0 

Succinic acid 1-0 

Disodium succinate (Anhydrous) 23.1 

Raspberry dry flavour (Naarden) 135.0 

Orange dry flavour (P.F.W.) 90.0 

Orange dry flavour (Dragoco) 67.5 

Golden syrup Dry flavour 143.0 
(Fermenich) 



This suspension contains 112.5 mg per ml of amoxycillin/ 
davulanic add combination. 
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Amoxycillin trihydrate gQoo.o (fa) 

Potassium davulanate 1312.5 (fa) 

Xanthan gam (Keltrol T) 250 0 

tTT^' 250.0 
CoUoidal silica (Aerosfl 200) 500 0 

Silicon dioxide (Syloid ALI) 2500.0 

Me&ocel E5 

Succinic add 

Disodium succinate ^ 

Raspberry dry flavour (Naarden) 450.0 

Orange dry flavour (P J.W.) 300*0 

Orange diy flavour (Dragoco) 225.0 

Golden syrup flavour (Permenich) 475*0 

A unit dose of 5 ml of this suspension contains 312 mg of 
amoxydllin/davulanic acid combination. 

The above three suspensions were made up in an entirely conventional 
mamxer by adding the ingredients to cold water and stirring. Shaking of 
the reconstituted suspension immediately prior to administration was 
tound to be desirable to ensure resuspension. 



3000.0 
2.95 
76.97 
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AmmfvdlHn/maviilanate Suspension 
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Tnprrpdient 

AmoxyciUin tzihydzate 
Potassium davulanate 
Xanthan gam (Eeltrol T) 
Aspartame 

CoUoidal siHca (Aerosil 200) 
Silicon dioxide (Syloid ALD 
Methocel £5 
Succinic add 
Disoditmi succinate 
Easpbeiry dry flavour (Naarden) 
Orange dry flavour (P.F.W,) 
Orange dry flavour (Dragoco) 
Golden syrup flavour (Fermenich) 



mPTTiRr 100ml 

2500.0 m 
1312.5 m 

250.0 
250.0 
500.0 
2500.0 
3000.0 
2.95 
76.97 
450.0 
300.0 
225.0 
- 475.0 



A unit dose of 5ml of this suspension contains 187 mg of 
amoxydUin/davulanic add combination. 
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1. A pharmaceutical formulation comprising; 
one or more ^lactam antibiotics; 

davulanic acid or a water-soluble salt thereof; 

a pharmaceutically acceptable dicarboxylic add, and; 

a salt of the dicarboxylic add in which both addic hydrogen atoms are 

replaced by a cation. 

2. A pharmaceutical formulation according to daim 1 wherein the |^ 
lactam antibiotic is amoxydllin or ampidllin. 

3. A pharmaceutical formulation according to daim 1 or 2 wherein the 
davulanic add is in the form of potassium clavulanate. 

4. A pharmaceutical formulation according to any one of the preceding 
daims wherein the ratio of antibiotic : davulanic add is in the range 12 : 

1 to 1 : !• 

5. A pharmaceutical formulation according to any one of the preceding 
daims wherein the dicarbo^grlic add has a general formula 
H00C.(CH2)n-C00H wherein n is 1-6 and in which two adjacent (CH2) 
groups may be replaced by CH = CH. 

6. A pharmaceutical formxilation according to daim 5 wherein the 
dicarboxyHc add is selected from succinic acid» maleic add, malonic add 
and fumaric add. 

7. A pharmaceutical formulation according to any one of the preceding 
daims wherein the dicarboxylic add salt is of a divalent cation which 
replaces both addic hydrogen atoms. 

8. A pharmaceutical formulation according to any one of claims 1-6 in 
which in the salt of the dicarboxylic add each addic hydrogen atom is 
replaced by a single monovalent cation. 

9. A pharmaceutical formulation according to daim 8 wherein the salt 
of the dicarboxylic add is disodium sucdnate. 
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10. A pharmaceutical formulation according to claim 9 wherein the molar 
ratio sucdmc add : disodium succinate is in the range 1 : 33 to 3 : 1. 

11. A pharmaceutical formulation according to daim 9 or 10 being an 
aqueous solution or suspension and having a total molarity of succinic 
add and succinate salt in the range 0.00 IM to O.OIM. 

12. A pharmaceutical formulation according to any one of the preceding 
claims substantially as hereinbefore described with reference to examples 
lto4. 

13. A process for the preparation of a pharmaceutical formulation as 
claimed in any one of claims 1 to 12, comprising admixing the ^-lactam 
antibiotic, the clavulanic add or salt thereof, the dicarboxyUc add and the 
salt thereof, and optionally any exdpients, and optionally making the 
product up with water or an aqueous medixmi to form a suspension or 
solution formulation. 

14. A process for the use of a pharmaceutical formulation as claimed in 
any one of daims 1 to 12 in the manufacture of a medicament for the 
treatment of bacterial infections. 

15. A pharmaceutical formulation as daimed in any one of daims 1 to 
12 for use in the treatment of bacterial infections. 

16. A method of treatment of bacterial infections in humans or animals 
which comprises the administration of a tiierapeutically efifective amount 
of a pharmaceutical formulation as daimed in any one of daims 1 to 12. 
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